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FUCAI LIN AND SHOU LIN 

Abstract. In this paper, we mainly introduce the notion of an open uniform 
(G) at non-isolated points, and show that a space X has an open uniform (G) 
at non-isolated points if and only if X is the open boundary-compact image of 
metric spaces. Moreover, we also discuss the inverse image of spaces with an open 
uniform (G) at non-isolated points. Two questions about open uniform (G) at 
non-isolated points are posed. 



1. Introduction 

In [3j, F. C. Lin and S. Lin denned the notion of uniform bases at non- isolated 
points, and obtained that a space X has an uniform base at non-isolated points if 
and only if X is the open and boundary-compact image of metric spaces. Isbell- 
Mrowka space ip(D)[E\ has an uniform base at non-isolated points, and however, it 
has not any uniform base. It is well known that a space has an uniform base if and 
only if it has an open uniform (G) if and only if it is the open compact image of 
metric spaces. Therefore, we generalize the notion of open uniform (G), and define 
the notion of the open uniform (G) at non-isolated points such that a space has an 
open uniform (G) at non-isolated points if and only if it has an uniform base at 
non-isolated points. In [4], F. C. Lin and S. Lin have discussed the image of spaces 
with an uniform base at non-isolated points. In this paper, we also also discuss the 
inverse image of spaces with an uniform base at non-isolated points. 

By M,N, denote the set of all real numbers and positive integers, respectively. For 
a topological space X, let t(X) denote the topology for X, and let 

I(X) = {x : x is an isolated point of X}, 

X d = X - I(X), 
X{X) = {{x} : x € I(X)}. 
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In this paper all spaces are Hausdorff, all maps are continuous and onto. Recall 
some basic definitions. 

Definition 1.1. Let V be a base of a space X. V is an uniform base pQ (resp. 
uniform base at non-isolated points [3]) for X if for each (resp. non-isolated) point 
x G X and any countably infinite subset V' of {P G V : x G P}, V is a neighborhood 
base at x in X. 

Definition 1.2. A space X has an open uniform (G)[6\ (resp. open uniform (G) at 
non-isolated points), if there exists a collection W = {W x '■ x G X} of open subsets 
of X satisfying the following conditions: 

(1) For each x G X, x G nWx and |W X | < K ; 

(2) For each x G £7 G t(X), there exists an open neighborhood V(x,U) of x 
such that there is a W G W y with x G C U for each y G V(x,U) 
(yeV(x,U)nX d ); 

(3) For each x £ X, W' x is a network at point x for any infinite subfamily 
>v; : I V,.. 

In the Definitions 11.11 and 11.21 "at non-isolated points" means "at each non- 
isolated point of X" . If W = {W x : x G X} is an open uniform (G) at non-isolated 
points, then (W \ {W x : x G /}) U {W x = {x} : x G 1} is also an open uniform 
(G) at non-isolated points for X. Therefore, we always suppose that W x = {x} if 
x G I in this paper. It is obvious that spaces with an open uniform (G) have an 
open uniform (G) at non-isolated points. 

Definition 1.3. Let / : X — > Y be a map. 

(1) / is a compact map if each f~ 1 (y) is compact in X; 

(2) / is a boundary- compact map, if each df~ l {y) is compact in X; 

(3) / is a perfect map if it is a closed and compact map. 

(4) / is called a < k-to-one (resp. k-to-one, finite-to-one) map if |/ _1 (y)| < k 
(resp. \f^ 1 (y)\ = k, / _1 (w) is finite) for every ygF, where k G N; 

(5) / is called a /oca/ homeomorphism if, for each x G X, there exists an open 
neighborhood U of x in X such that /|f7 : U — > f(U) is a homeomorphism 
map and f(U) is open in Y. 

(6) / is an irreducible map if there does not exist a proper closed subset X' of 
X such that f(X') = Y. 

Definition 1.4. [3] Let X be a space and {Vn} n a sequence of collections of 
open subsets of X. {V n }n is called a development at non-isolated points for X 
if {st(x,V n )} n is a neighborhood base at x in X for each non-isolated point x G X. 
X is called developable at non-isolated points if X has a development at non-isolated 
points. 

Definition 1.5. [3 J Let V be a family of subsets of a space X. P is called point- 
finite at non-isolated points(iesp. point- countable at non-isolated points) if for each 
non-isolated point x G X, x belongs to at most finitely (countably) many elements 
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of V. Let {Vn} n be a development at non-isolated points for X. {V n } n is said to be 
a point-finite development at non-isolated points for X if each V n is point-finite at 
each non- isolated point of X. 

Definition 1.6. Let X be a topological space. j:Nx!-> T (^0 is called a g- 
function, if x G g(n,x) and g(n + l,x) C g(n,x) for any x G X and n 6 N. For 
A C X, put 

ff(n, A) = (J fif(n,x). 
Readers may refer to [2j E] for unstated definitions and terminology. 



2. Open uniform (G) at non-isolated points 

In this section, we mainly show that a space has an open uniform (G) at non- 
isolated points if and only if it has an uniform base at non-isolated points. Firstly, 
we give some technique lemmas. 

Lemma 2.1. [3] Let X be a topological space. Then the following conditions are 
equivalent: 

(1) X is an open boundary- compact image of a metric space; 

(2) X has an uniform base at non-isolated points; 

(3) X has a point-finite development at non-isolated points; 

(4) X has a development at non-isolated points, and X d is a metacompact sub- 
space of X. 

Lemma 2.2. Let X have an open uniform (G) at non-isolated points. Then there 
exists a g-function such that for each x G X d and any sequence {x n } n with x n E 
g(n,x) or x € g(n,x n ), {x n } n has a subsequence converging to x. 

Proof. Let W = {W x ■ x G X} be an open uniform (G) at non-isolated points for 
X. 

Claim 1: There exists a sequences {H n }n of open coverings of X, where H n is 
point-finite at non-isolated points for each n 6 N. 

For each x G X, let {G(n, x)} n be a decreasing open neighborhood base at x, 
where, for each i£N, G(n,x) = {x} if x £ /. Next, we define the point-finite open 
covering 7~ln at non-isolated points, h n : 7i n — > X and open neighborhood 0(n,x) 
of x for each x £ X by induction on n € N. Firstly, let T~Lq = {X}, and choose a 
point z G X and define ho : Ho — > X with ho(X) = z. Put 

G(l, x), x = z, 

G(l, x) — {z}, x ^ z. 



0{l,x) 



Suppose that we have defined H m -i, h m -i, and 0(m, x) for each m < n and x G X. 
We endow H m -i with a well-order by (% m _i,<). For each H G Hn-i, since X d 
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is hereditarily metacompact, there exists an open covering F n (H) of H such that 
FniH) is point-finite at non-isolated points and refines {H n V(x, 0(n, x))} x€ h, 
where V(x,0(n,x)) is the open neighborhood of x stated in (3) of Definition 1.2. 
Put 

Un(H) = F n {H) - U{T n {H') :H' <H},H£ Vii 

U n = U{H n (H) : H £ Hn-i}. 
Then % n is an open covering of X, which is point-finite at non-isolated points. For 
each H £ T~L n , there exists just one H' £ % n -i such that H £ % n (H') C F n (H'). 
Then we can choose a point xh G H' such that H £\ H' C\ V(xH,0(n,XH)) C 
0(ti,xh)- Define 

/i n (if) = x//; 

0(n + 1, x) = G{n + 1, x) - {h m {H) :m<n,H £ (H m )x and x + h m (H)}. 
If x £ X d , then x G 0(n + 1, x) G r(X); if x G J, then G(n + 1, x) = 0(n + 1, x) = 
{x} G t(X). 

Claim 2: For each x G X d , X d n 0^=0 st(x, H n ) = {a:}- 

Suppose not, there exist distinct points x, y G X rf and a sequence {i? n } n of subsets 
of X such that x, y G i? n G % n for each n G N. For each n G N, there exists just 
one sequence {H™} m < n such that fl£ = H n ,H™ G ^ m and if™ G ^(if™" 1 ) for 
each 1 < m < n. Then x G H n C fi™ C H™ -1 . Since T-L m is point-finite at point x, 
we can define I n C N and i n G N by induction on n G N as follows. 

(1) i n = mini n ; 

(2) In+l C I n — {«n}; 

(3) m, keI n ^H% l = HI. 

Let if n = H™ n ,q n = h n (K n ). Then iT n = if^ for each m £ I n and q n £ Ki D K n 
for each Z < n. Since x G iiT ra C V(q n , 0(n, q n )), there exists a W n G W x such that 
q n G W n C 0(n, q n ) by the definition of open uniform (G). 

Choose disjoint open sets iT^ and U y such that x G U x and y £ U y . Without loss 
of generality, we can assume that there exists an infinite J C N such that, for each 
n G J, qv t G" C/ x . Then W n ^ U x , and therefore, {W n : n G J} is finite. Hence, 
without loss of generality, we can suppose that W n = W m for any n, m G J. Thus 
g m G 0(i n ,q n ), and g m = q n by the definition of 0(i n ,q n ). Let q n = Q for each 
n G J. For each n G J, x G 0(n, g)) C 0(n,q) C G(n,q), and therefore, 
£ S P| ng j G(n, g) = wri ich is a contradiction. 

Now, we begin to show the Lemma. For each n G N, x G X d , choose an H(n, x) G 
(T~L n ) x - For each x G X, define g(n,x) by induction on n as follows. 



g(n + l,x) = 




, H(n + 1, x)) n G(n + 1, x) n #(n, x), x G X d , 

x £ I, 



OPEN UNIFORM (G) AT NON-ISOLATED POINTS AND MAPS 



5 



where 



90-, x) = 



V(x,H(l,x))r\G(l,x) 



x G X d 
x G I. 



Let x G X d and {x n } n be a sequence with x n G g(n, x) or x G <?(n, x n ). We consider 
the following two cases. 

Case 1: {n : x n G g(n,x)} is infinite. 

In this case, it is easy to show that the subsequence {x n : x n G g(n, x)} converges 
to x. 

Case 2: {n : x n G g(n, x)} is finite. 

In this case, we may assume that x G g(n, x n ) for each n G N. We show that the 
sequence {x n } n itself converges to x. Otherwise, there exists an open neighborhood 
U of x such that {x n } n is not eventually in U. For each n G N, since x G g(n, x„), we 
have x n G X rf and x G V(x n , i/ (n, x n )). Hence, for each n G N, there is a W n G W x 
such that x n eW n C H(n,x n ) C st(x,% n ). Let M = {n G N : x n U}. Then M 
is infinite. Therefore, by the condition (3)in Definition 1.2, {W n : n G M} is finite 
set. Without loss of generality, we can assume that W n = W m for n,m G M. Then, 
x n G st(x,% m ) for any n, m G M. Hence, x n G P) meAf st(aj, ?{ m ) PI X d = {x} by 
Claim 2, which is a contradiction. □ 

Lemma 2.3. If X has an open uniform (G) at non-isolated points, then X has a 
point- countable base at non-isolated points. 

Proof. Let W = {W x : x G X} be an open uniform (G) at non-isolated points for 
X, where W x = {W(n, x)} n . Let g be a ^-function satisfying the conditions in 
Lemma 12.21 For each n G N and the open covering {g(n, x) : x G X} of X, since 
X d is metacompact, there exists an open covering U n such that U n is point-finite 
at non-isolated points and refines {g{n,x) : x G X}. For each U G W n , there is a 
X[/ G X such that J7 C g{n,xu). Let 



Then is an open collection of subsets of X and point-countable at non-isolated 
points of X. We now show that B L)I(X) is point-countable base at non-isolated 
points for X. Indeed, for each x G X d and x G O G t(X), choose an U n G (Z^);,; for 
each n G N. We denote x n = X(/ n . Then x G g(n,x n ), and hence sequence {x n } n 
converges to x. Therefore, there exists an i G N such that Xi G V(x,0). Since 
x G g(i,Xi), we have G X d and there is an m G N such that x G W(m,Xi). Thus 



Put i?+ = {x G M : x > 0}. 

Lemma 2.4. //X /ias an open uniform (G) at non-isolated points, then there 
exists a function d : X x X — > i? + suc/i f/iaf, /or eac/i x G x G -B(x, -) and 



B, 



n,m — 



{U n W(m, x v ):U G W„}, m G N; 




x G f7j n PF(m,Xj) C O. 



□ 
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{int(B(x, -))} n is a decreasing neighborhood base at x, where B(x,-) = {y G X : 
d(x,y) < £}. 

Proof. Let g be the g-function constructed in the proof of Lemma 12.21 For any 
distinct points x,y G X, put 

m(x, y) = min{ra G N : y g(n, x) and x g(n, y)}. 

Define d : X x X R + as follows. 

At \ / °' x = y ' 

I m(x,y) ' ' y 

Then, for each point x G X d and n G N, x € int(i?(x, i)). Indeed, since m(x, y) > n 
for each y € g(n,x), d(x,y) < ^. Then y G B(x,yJ, and therefore, x € g(n,x) C 
-B(x, -). It follows that x G int(-B(x, ^)). For each x G J" 4 and x G [/, there exists 
an m G N such that B(x, — ) C J7. Otherwise, suppose that .B(x, i) £ f7 for each 
m G N. Choose a point x m G -B(x, ^) \ U for each m G N. Then d(x,x m ) < ^, 
and hence x G g(m,x m ) or x m G g(m,x). By Lemma [231 {x m } m has a subsequence 
converging to x. It contradicts the fact that x m G" U for each m G N. □ 

Lemma 2.5. //X has an open uniform (G) at non-isolated points, then X is a 
developable space at non-isolated points. 

Proof. By Lemma 12.31 let W be a point-countable base at non-isolated points for 
X. Endow X d with a well-order by (X d , <). Let d:Ix!-> R + be the function 
defined in the proof of Lemma 12.41 For each x G X d , let (U) x = {U n (x)} n . For each 
n G N, put 

K(x) = int(B(x, i)); 

h(n, x) = f/ n (x) n V n (x); 

p(n,x) = min{y G X d : x G h(n,y)}; 

g(n,x) = V n (x) n (n{/i(i,p(z, x)) : i < n}) n (n{Uj(p(i, x)) : i,j < n,x G 
tfi(p(*,*))}); 

<^ n = {p(n, x) : x G U {<?(n, x) = {x} : x G I}. 
Then {</? n } ra is a development at non-isolated points. Indeed, suppose not, there 
exists a point x G X d and an open neighborhood U of x such that there is Xj G X rf 
satisfying x G g(i,X{) U for each i G N. Since x G Vi(xj), Xj — > x. It follows 
from Lemma 12.41 that there exist l,m G N such that B(x,j) C U m (x) C ?7. For 
each 7/ G if x G h(l,y) C VJ(y), then y G f?(x, y) C U m (x). It follows that 
p{l,x) G U m (x), and therefore, there exists a G N such that U m (x) = Uk(p(l,x)). 
Since Uk(p(l,x)) n h(l,p(l,x)) is an open neighborhood at x, there is an io G N 
such that, for each i > zq, x, G Uk(p(l,x)) PI h(l,p(l,x)). Thus p(l,Xi) < p(l,x) 
for z > «o> an d on the other hand, x G g(i,Xi) C h(l,p(l,Xi)) for i > I. Then 
p(l,x) < p(l,Xi) for each i > I. Therefore, p(l,Xi) = p(l,x) for i > maxjio,/}. 
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It follows that xi G Uk(p(l, Xi)), and therefore, for i > max{io, I, k}, g(i,Xi) C 
Uk(p(l, Xi)) = Uk(p(l,x)) = U m (x) C U, which is a contradiction. □ 

Theorem 2.6. A space X has an open uniform (G) at non-isolated points if and 
only if X has an uniform base at non-isolated points. 

Proof. Necessity. By Lemma [2.5|, X has a development at non-isolated points. Since 
X d is metacompact, X has an uniform base at non-isolated points by Lemma 12. 11 

Sufficiency. Let B be an uniform base at non-isolated points for X. If B is point- 
countable at non- isolated points for X, then W = {(B) x : x G X d }Ul(X) is an open 
uniform (G) at non- isolated points for X. Suppose that there exists a point x G X d 
such that (B) x is uncountable. If z G X — {x}, then {B G (B) x : z G B} is finite. 
Hence there are an infinite subset {B n : n G N} C (B) x ,x n G B n — {x} for each n G N, 
and some k G N such that x n belongs to just A; many elements of (B) x . Then 
as n — > oo. Since B is a base for X, there exists an infinite subfamily {B^ : i G N} 
of B and a subsequence {x ni }i such that {x nj : j > i} C B[ C X — {x nj : j < i} for 
i £ N. Then x ni belongs to i many elements of (B) x , which is a contradiction. □ 

3. Inverse image of spaces with uniform bases at non-isolated points 

In this section, we mainly discuss the inverse image of spaces with uniform bases 
at non-isolated points. 

Definition 3.1. Let X be a topological space. 

(1) X is called a wA-space at non-isolated points if there exists a sequence {U n } n 
of open covers such that, for every x G X — I, whenever x n G st(x,U n ), then 
{x n } n has a cluster point. 

(2) X is said to have a Gs- diagonal at non-isolated points if there exists a 
sequence {U n } n of open covers such that f] neN st(x,U n ) = {x} for every 
i£l-J, Moreover, X is said to have a G%- diagonal at non-isolated points 
if we replace "DneN st(x,U n ) = {x}" by "flneN st(x,U n ) = {x}". 

It is obvious that 

(1) A" is developable at non- isolated points =4> X is a wA-space at non- isolated 
points; 

(2) X has a G^-diagonal at non-isolated points => X has a G^-diagonal at non- 
isolated points; 

Example 3.2. There exists a perfect map from a space X onto a metric space, where 
X has not any uniform base at non-isolated points. 

Proof. Let X = [0, 1] x {0, 1} and endow X with the lexicographic ordered space. 
Let / : X — > [0, 1] be a naturally projective map, where [0, 1] endowed with the 
usual topology. Since X is compact, / is a closed and 2-to-one map. X does not 
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have an uniform base at non-isolated points since X has no uniform base and does 
not contain any isolated points. 

From this example it can be seen that a closed and 2-to-one map does not inversely 
preserve spaces with an uniform base at non- isolated points. □ 

Example 3.3. There exists an open and <2-to-one map from a space X onto a metric 
space, where X has not any uniform base at non-isolated points. 

Proof. Y. Tanaka in [9, Example 3.7] constructed a regular space X which is the 
inverse image of a compact metric space under an open and <2-to-one map, but X 
is not a first countable space. Hence X has not any uniform base at non-isolated 
points. □ 

Example 3.4. Open and closed map doesn't inversely preserve spaces with uniform 
base at non-isolated points. 

Proof. Let X = [0, u{\ be an usually ordered space. Put / : X — > X/X be a quotient 
map by identifying X to a single point. Then it is obvious that / is an open and 
closed map. But X has not any uniform base at non-isolated points. □ 

We don't know whether spaces with an uniform base at non-isolated points are in- 
versely preserved by an open, closed and finite-to-one map. So we have the following 
question. 

Question 3.5. Are spaces with an uniform base at non-isolated points inversely 
preserved by open, closed and finite-to-one maps? 

By slightly modifying the proof in [TJ Theorem 6], we can obtain the following. 

Theorem 3.6. Let f : X — > Y be a closed, finite-to-one and local homeomorphism 
map, where Y has an uniform base at non-isolated points. Then X has an uniform 
base at non-isolated points. 

It is well known that every open and fc-to-one map is a closed and locally home- 
omorphism map. Hence, we have the following corollary. 

Corollary 3.7. Open and k-to-one maps inversely preserve spaces with an uniform 
base at non-isolated points. 

Finally, we consider the inverse image of spaces with an uniform base at non- 
isolated points under the irreducible perfect maps. 

Lemma 3.8. Let X be regular and metacompact at non-isolated points. If{U n } n is a 
sequence of open coverings of X, then there exists a sequence {V n } n of open coverings 
of X such that, for any y G X d , f| neN st(y, V n ) = f| neN st (v, Vn) C f)„ en st{y,Un)- 
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Proof. Since X is regular and metacompact at non-isolated points, there exists a 
sequence {V„} n of open coverings of X satisfying the following conditions: 

(i) For each n G N, V n is point-finite at non-isolated points and refines 

(A i <„V i )/\(A i < n (Z^); 

(ii) For any V G V n and i < n, there exists a W G Vj such that V C W. 

Let y G X d . For each n G N, there are only finitely many members of V n 
which contains y. Hence st(y,V„+i) = Li{V : y G V G V„ + i} C st(y,V n ). Thus 

n„ G N st (y> v n) = n„ e N st (y>H0 c n„ G N st (y^)- □ 

Lemma 3.9. Let X be a regular space, where X has a G$ -diagonal at non-isolated 
points. If X is metacompact at non-isolated points, then X has a Gg-diagonal at 
non-isolated points. 

Proof. It is easy to see by Lemma 3.8. □ 

Lemma 3.10. Let X be a regular space, where X has a G* 5 -diagonal at non-isolated 
points. If X is a wA-space at non-isolated points, then X is a developable space at 
non-isolated points. 

Proof, let {U n } n and {V n } n be a G|-diagonal at non- isolated points and a wA- 
sequence at non-isolated points, respectively. Then {U n A V n } n is a development at 
non-isolated points for X. Indeed, for any x G X — I and x G U with U G t(X), 
there exists an m G N such that x G st(x,U n A V n ) C U. Suppose not, then 
st(x,U n A V n ) <£ U for any n G N. We can choose a point x n G sb(x,U n A V n ) \ U for 
any n G N. Since st(x,U n f\V n ) C st(x,V n ), x n G st(x,V n ). Hence {x n } has a cluster 
point. Let y be a cluster point of {x n }. Since st(x,V n ) C st(x,V„), y G st(x,V n ). 
Hence y = x because P| nGN st(x, V n ) = {%}■ Thus {x n } has only one cluster point 
x. But x n $l U for any n G N, a contradiction. □ 

Lemma 3.11. Zei f : X —> Y be an irreducible perfect map, where Y is a wA-space 
at non-isolated points. Then X is a wA-space at non-isolated points. 

Proof. Let {U n } n be a wA-sequence at non-isolated points for Y . We only prove 
that {f~ 1 (U n )} n is a wA-sequence at non-isolated points for X. Let x G X — I(X) 
and x n G st(x, f^^Un)) for each n G N. Then /(x n ) G st(f(x),U n ). Since / is an 
irreducible map, /(x) £7 - ^(^)- Hence {/(x n )} has a cluster point in Y. Since / 
is a perfect map, {x n } has a cluster point in X. Hence {Z^ 1 ^*)}" i s a wA-sequence 
at non-isolated points for X. □ 

Lemma 3.12. Let f : X —> Y be an irreducible perfect map, where X is regular and 
has a Gg-diagonal. IfY is metacompact at non-isolated points, so is X. 

Proof. Let U be an open covering for X. There exists U(y) G U <w such that f~ 1 (y) C 
UU(y) for any y G Y. Then there exists an open neighborhood V y of y such that 
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f (V y ) C UU(y). Since {V y : y G Y} is an open covering for Y, there exists a 
point-finite open refinement {W y : y G Y} at non-isolated points such that W y C 
for any y E Y". Hence n £7 : y G Y, J7 G U{y)} is a point-finite open 

refinement at non-isolated points of □ 

Theorem 3.13. Lei / : X — > Y be an irreducible perfect map, where X is regular 
and has a Gg-diagonal. IfY has an uniform base at non-isolated points, so does X . 

Proof. It is easy to see by Lemmas ESI EH IXTT1 ETIZ1 and EQ □ 

We don't know whether we can omit the condition "irreducible map" in Theo- 
rem [3J2J So we have the following question. 

Question 3.14. Let f : X — > Y be a perfect map, where X is regular and has a G$- 
diagonal. If Y has an uniform base at non-isolated points, does X have an uniform 
base at non-isolated points? 

Acknowledgements. The authors would like to thank the referee for his/her 
valuable comments and suggestions. 



References 

[1] P. S. Aleksandrov, On the metrisation of topological spaces (in Russian), Bull. Acad. Pol. Set., 

Ser. Set. Math. Astron. Phys., 8(1960), 135-140. 
[2] R. Engelking, General Topology (revised and completed edition), Heldermann Verlag, Berlin, 

1989. 

[3] F. C. Lin, S. Lin, Uniform covers at non-isolated points, Topology Proc, 32(2008), 259-275. 
[4] F. C. Lin, S. Lin, Uniform bases at non-isolated points and maps, Houston. J. Math, to appear. 
[5] S. Lin, Generalized Metric Spaces and Mappings (in Chinese), Chinese Science Press, Beijing, 
2007. 

[6] P. J. Moody, G. M. Reed, A. W. Roscoe, P. J, Collins, A lattince of conditons on topological 

spaces, Fund. Math., 138(1991), 69-81. 
[7] L. Mou, H. Ohta, Sharp bases and mappings, Houston. J. Math, 31(2005), 227-238. 
[8] S. G. Mrowka, On completely regular spaces, Fund. Math., 72(1965), 998-1001. 
[9] Y. Tanaka, On open finite-to-one maps, Bull. Tokyo Gakuget Univ. IV, 25(1973), 1-13. 

(Fucai Lin) Department of Mathematics and Information Science, Zhangzhou Normal 
University, Zhangzhou 363000, P. R. China 

E-mail address: linfucai2008@yahoo.com.cn 

(Shou Lin)Institute of Mathematics, Ningde Teachers' College, Ningde, Fujian 
352100, P. R. China; Department of Mathematics and Information Science, Zhangzhou 
Normal University, Zhangzhou 363000, P. R. China 



E-mail address: linshou@public.ndptt.fj.cn 



